Introduction
============

Intraductal papillary mucinous neoplasms (IPMNs) are mucin-producing neoplasms that originate in the pancreatic ducts. IPMNs are classified into three types: main-duct IPMN (MD-IPMN), branch-duct IPMN (BD-IPMN), and mixed-type IPMN, based on imaging studies and the histology. MD-IPMNs are characterized by the segmental or diffuse dilation of the main pancreatic duct (MPD) to \>5 mm without any other causes of MPD obstruction ([@B1]). The incidence of malignancy (including high-grade dysplasia) and invasive IPMNs in patients with MD-IPMNs is reported to be 61.6% and 43.1%, respectively. Considering these high rates of malignancy, surgical resection is strongly recommended for all surgically-fit patients ([@B1],[@B2]); thus, there are few studies on the predictors of malignancy in MD-IPMNs and few studies involving the long-term follow-up of patients with MD-IPMNs ([@B3],[@B4]). In addition, most cases of pancreatic ductal carcinoma derived from IPMNs are histologically diagnosed as tubular adenocarcinoma or mucinous adenocarcinoma ([@B5]); other histological types are rare. We herein report a case of signet-ring cell carcinoma that developed from an MD-IPMN after 9 years of follow-up.

Case Report
===========

A pancreatic cystic lesion was identified in a 74-year-old man by ultrasonography; the patient was referred to our hospital to undergo a detailed examination in 2006. Endoscopic ultrasonography (EUS) showed a cystic lesion of 15 mm in diameter in the pancreatic head and dilation of the MPD to 5 mm, resulting in the diagnosis of BD-IPMN and a follow-up strategy based on regular imaging examinations was implemented. In 2007, magnetic resonance cholangiopancreatography (MRCP) demonstrated that the diameter of the MPD was 10 mm ([](#g001){ref-type="fig"}[Fig. 2a](#g002){ref-type="fig"}), and EUS showed a mural nodule of 5 mm in height in the MPD; the cystic lesion in the pancreatic head was unchanged. These findings suggested the development of MD-IPMN in the pancreatic body. Endoscopic retrograde pancreatography (ERP) showed filling defects, suggesting mucins or mural nodules in the dilated MPD. Intraductal ultrasonography revealed that some of these filling defects in the pancreatic body were mural nodules, and fluoroscopy-guided transpapillary biopsy was performed to obtain a sample of the mural nodules ([Fig. 2b](#g002){ref-type="fig"}). Histologically, the specimens showed a papillary epithelium that was composed of atypical cells with stratified nuclei \[identified by hematoxylin and eosin (HE) staining\]; the Ki67 labeling index (LI) was high (30%). In addition, the specimen was diffusely positive for both mucin 2 glycoprotein (MUC2) and caudal-type homeobox 2 (CDX2) ([Fig. 2c-f](#g002){ref-type="fig"}). Although the histological findings of the specimens suggested a malignant intestinal-type IPMN, the patient rejected surgery. During the subsequent follow-up period, the height of mural nodule and the diameter of MPD showed further increases. Nevertheless, we could not persuade him to undergo pancreatic surgery. In 2015, EUS revealed a low echoic mass lesion of 15 mm in size in the pancreatic tail, suggesting the development of pancreatic carcinoma concomitant with IPMN, and the patient was admitted to our medical center for a detailed examination.

![The clinical course of this patient.](1349-7235-57-1093-g001){#g001}

![(a) MRCP (in 2007): The MPD in the pancreatic body was dilated to 10 mm (arrow), whereas the size of the pancreatic cyst in the pancreatic head remained unchanged (arrowhead). (b) ERP (in 2008) was performed to investigate the suspected mural nodules, which showed filling defects in the dilated MPD (arrow). Fluoroscopy-guided transpapillary biopsy was performed. (c-f) The histological findings of the biopsy specimens. Hematoxylin and Eosin staining (c, orig. mag. ×50) showed that the papillary epithelium was composed of atypical cells with mucus. The Ki67 labeling index (d, orig. mag. ×50) was 30%, and the specimen was diffusely positive for both MUC2 (e, orig. mag. ×50) and CDX2 (f, orig. mag. ×50). MRCP: magnetic resonance cholangiopancreatography, MPD: main pancreatic duct, ERP: endoscopic retrograde pancreatography](1349-7235-57-1093-g002){#g002}

A laboratory analysis revealed that the patient\'s serum HbA1c level was high (8.0%), while his serum carcinoembryonic antigen (CEA) level was within the normal range (3.7 ng/mL), whereas his serum carbohydrate antigen 19-9 (CA19-9) level was elevated (111.6 U/mL). Contrast enhanced computed tomography (CECT) showed a cystic lesion of 15 mm in size (suggesting BD-IPMN) in the pancreatic head and the dilation of the MPD to 30 mm, mainly in the pancreatic body, in which multiple mural nodules were detected ([Fig. 3a](#g003){ref-type="fig"}). The suspected pancreatic mass lesion in the pancreatic tail that had been detected by EUS was unclear. Magnetic resonance imaging (MRI) also showed a cystic lesion in the pancreatic head and MPD dilation, mainly in the pancreatic body ([Fig. 3b](#g003){ref-type="fig"}). Diffusion weight imaging (DWI) showed positive signals in the pancreatic body and tail ([Fig. 3c](#g003){ref-type="fig"}). EUS showed mural nodules of 12 mm in height in the MPD of the pancreatic body ([Fig. 3d](#g003){ref-type="fig"}). In addition, a well-circumscribed, low echoic mass lesion of 15 mm in diameter was detected in the pancreatic tail and pancreatic carcinoma concomitant with IPMN was suspected ([Fig. 3e](#g003){ref-type="fig"}). Based on these findings, our preoperative diagnosis was malignant MD-IPMN and pancreatic carcinoma concomitant with the IPMN in the pancreatic tail. The Total pancreatectomy was performed with the patient\'s consent. The resected specimen macroscopically showed papillary tumors filling the remarkably dilated MPD of the pancreatic body and a white pancreatic parenchyma (suggestive of fibrotic change) in the pancreatic tail. Histologically, a papillary epithelium composed of atypical cells showing stratified nuclei was detected, mainly in the pancreatic body. The histological analysis of a sample of the epithelium revealed a Ki67 LI of 30%, with focal p53 positivity. The specimen was diffusely positive for both MUC2 and CDX2. These findings contributed to a diagnosis of malignant intestinal-type IPMN ([Fig. 4a-d](#g004){ref-type="fig"}). In addition, signet-ring cell carcinoma (SRCC) was detected under the malignant epithelium and was positive for both MUC2 and CDX2 ([Fig. 4e-h](#g004){ref-type="fig"}). Although the histological transition the malignant IPMN and SRCC was unclear, the SRCC was considered to have been derived from the IPMN of the epithelium due to the similarity of the immunohistological findings. SRCC was also detected in the lymph nodes adjacent to the pancreatic body. With regard to the pancreatic cyst in the pancreatic head, a histological examination of the epithelium revealed findings that were similar to pyloric glandular epithelium. An immunohistochemical analysis of the epithelium revealed a low Ki67 LI, p53 negativity, focal MUC1 positivity, MUC2 negativity, diffuse MUC5AC positivity, focal MUC6 positivity, and CDX2 negativity, resulting in a diagnosis of gastric-type IPMN with low-grade dysplasia ([Fig. 5a, b](#g005){ref-type="fig"}). In the pancreatic neck, there was a clear border between the epithelium of the gastric-type IPMN and that of the intestinal-type IPMN; the border was considered to be a transitional position or a collisional position ([Fig. 5c-f](#g005){ref-type="fig"}, [6](#g006){ref-type="fig"}). With regard to the pancreatic mass lesion in the pancreatic tail, fibrosis and the infiltration of inflammatory cells were detected, but infiltration of IgG4-positive cells was not detected. The mass lesion was pathologically diagnosed as mass-forming chronic pancreatitis. The TNM classification was IIB (T2N1M0). Recurrence has not been detected in one year since the operation.

![The imaging findings in 2015. (a) CECT: Mural nodules were detected in the dilated MPD of the pancreatic body. (b) MRCP: The MPD in the pancreatic body was dilated to 30 mm, whereas the pancreatic cyst in the pancreatic head was the same size as in 2007. (c) MRI-DWI: Positive signals were detected in the pancreatic body (arrow) and tail (arrowhead). EUS: Mural nodules of 12 mm in height in the MPD of the pancreatic body (d), and a well-circumscribed, low echoic mass lesion of 15 mm in diameter was detected in the pancreatic tail (e). CECT: contrast enhanced computed tomography, MPD: main pancreatic duct, MRCP: magnetic resonance cholangiopancreatography, DWI: diffusion weight imaging, EUS: endoscopic ultra sonography](1349-7235-57-1093-g003){#g003}

![The histological findings of the pancreatic body of the resected specimen. Hematoxylin and Eosin (H&E) staining showed a papillary epithelium in the dilated MPD (a, orig. mag. ×1.25). The epithelium was composed of atypical cells with stratified nuclei (b, orig. mag. ×50). TheKi67 LI of this epithelium (c) was 30%, and p53 staining (d) was positive, which revealed malignancy. In addition, H&E staining showed the diffuse distribution of SRCC under the malignant papillary epithelium (arrow) (e, orig. mag. ×50; f, orig. mag. ×100), and both the SRCC and the malignant epithelium were positive for MUC2 (g, orig. mag. ×50) and CDX2 (h, orig. mag. ×50), which was consistent with intestinal-type IPMN. MPD: main pancreatic duct, SRCC: signet-ring cell carcinoma, MUC2: mucin 2 glycoprotein, CDX2: caudal-type homeobox 2, IPMN: intraductal papillary mucinous neoplasm](1349-7235-57-1093-g004){#g004}

![The histological findings of a cystic lesion in a resected specimen of the pancreatic head. Hematoxylin and Eosin (H&E) staining (a, orig. mag. ×25) demonstrated low papillary epithelium in this cystic lesion. The epithelium was focally positive for MUC1 (b, orig. mag. ×25) and negative for MUC2 and CDX2, indicating gastric-type IPMN. Additionally, in the marginal position of this cyst, there was a clear border between the gastric-type IPMN and the intestinal-type IPMN (similar to the lesion of the pancreatic body) (c, H&E staining, orig. mag. ×50; d, MUC2 staining, orig. mag. ×25; e, CDX2 staining, orig. mag. ×25; f, Ki67 staining, orig. mag. ×25). MUC2: mucin 2 glycoprotein, MUC1: mucin 1 glycoprotein, CDX2: caudal-type homeobox 2, IPMN: intraductal papillary mucinous neoplasm](1349-7235-57-1093-g005){#g005}

![The mapping of the resected specimens. Histologically, an IPMN with low-grade dysplasia of the gastric type was located in the pancreatic head, whereas intestinal-type IPMN with high-grade dysplasia was located over a length of 10 cm from the pancreatic body to tail. A 16-mm lesion of signet-ring cell carcinoma was located adjacent to the high-grade IPMN. IPMN: intraductal papillary mucinous neoplasm](1349-7235-57-1093-g006){#g006}

Discussion
==========

According to the International Consensus Guidelines (revised in 2012) on the management of IPMN and MCN of the pancreas, MD-IPMNs are considered to be an indication for surgery because of their high frequency of malignancy and the low survival rate of afflicted subjects. In these guidelines, MPD dilation of 5-9 mm was considered to be "worrisome feature", as is the case of BD-IPMNs. A few reports have been published on the indications for surgery or predictors of malignancy in patients with MD-IPMNs. One of these reports notes that the dilation of the MPD to a diameter of ≥5 mm is a risk factor of malignancy, whereas another report described that conservative follow-up in patients with MD-IPMNs with a MPD diameter of ＜15 mm, negative cytology or no mural nodules may be acceptable ([@B3],[@B4],[@B6]). Generally, however, the diagnosis of MD-IPMN is regarded as an indication for surgery due to the lack of adequate predictive factors for malignancy in MD-IPMNs. As for the present case, surgery was indicated in 2007 when malignancy was pathologically diagnosed following a transpapillary biopsy of the mural nodules. If this patient had agreed to surgery at that time, the development into invasive carcinoma could possibly have been prevented. Because it has been reported that IPMNs have a worse prognosis if they involve massively invasive carcinoma ([@B5],[@B7]), this patient should have undergone surgery at an earlier stage. In this case, it was difficult to detect the transformation to invasive carcinoma based on imaging studies before surgery; however the possible involvement of invasive carcinoma was suggested by the increased diameter of the MPD and the increased height of the mural nodules. However, the pancreatic parenchyma in the pancreatic body and tail showed positive signals on MRI-DWI, which can imply invasive cancer. MRI-DWI is reportedly useful for the diagnosis of malignancy in patients with IPMNs ([@B8]); thus, it may also contribute to detecting the development of invasive cancer during follow-up in patients with IPMN.

Furukawa et al. proposed the morphological classification of IPMNs into four pathological subtypes, namely, the gastric, intestinal, pancreatobiliary and oncocytic types based on the histomorphological features of the papillae and the immunohistochemical features of mucin glycoproteins ([@B9]). In the present case, the IPMN in the pancreatic body was pathologically diagnosed as intestinal-type due to the expression of both MUC2 and CDX2. With regard to the general characteristics of intestinal-type IPMNs, it is reported that 80% of intestinal-type IPMNs are malignant and that the frequency of the intestinal type among MD-IPMNs is high. However, the prognosis of invasive carcinoma derived from intestinal-type IPMN is reported to be better in comparison to the other subtypes ([@B10]-[@B12]). This prognostic difference may originate in differences in the histological types of the invasive lesions because some invasive carcinomas derived from intestinal-type IPMNs are mucinous adenocarcinoma, whereas all invasive carcinoma derived from IPMNs of other pathological subtypes are tubular adenocarcinoma ([@B11]). On the other hand, this patient, whose pancreatic body IPMN was pathologically diagnosed as the intestinal type, surprisingly developed SRCC, which metastasized to a lymph node. It is reported that tubular adenocarcinoma and mucinous adenocarcinoma account for \>98% of invasive carcinoma derived from IPMNs ([@B5]); thus, other histological types of invasive carcinoma are rare. We could only find one case report of SRCC derived from an IPMN ([@B13]). The case involved mixed mucinous adenocarcinoma and SRCC, while the invasive carcinoma of the present patient consisted solely of SRCC, which indicates the value of the present case. In addition, the pathological subtype of the IPMN in the above-mentioned case report was likely the intestinal type (the same as the present case). In the literature, most cases of SRCC are reported to develop in the stomach, while some cases develop in the colon, lung, breast, thyroid, and other sites. It is reported that the mucin expression patterns of SRCC differ according to the location ([@B14],[@B15]). SRCCs of the stomach or breast are MUC1-positive, while SRCCs of the colon are MUC2-positive and MUC1-negative. Thus, it can be said that the immunostaining pattern of SRCC in this case was similar to the pattern observed in SRCC of the colon.

In this case, the pathological examination of the BD-IPMN of in the pancreatic head, which was approximately 15 mm in diameter and which had not changed since 2006, revealed low-grade dysplasia and the gastric type. Namely, two IPMNs of different pathological subtypes existed within the same pancreas. Histological and immunohistochemical examinations revealed that these two adjacent IPMNs formed a clear border. Two possible mechanisms for the development of IPMNs in cases in which both gastric and intestinal-type IPMN coexist have been reported: one is the possibility of a morphological change from gastric-type to intestinal-type; and the other is the possibility of the collision between the two types of IPMNs after they develop separately ([@B16],[@B17]). As with those reports, although it is difficult to clarify the relationship between gastric- and intestinal-type IPMNs, it is interesting that the IPMNs in the present case followed completely different clinical courses. This suggests that the pathological subtypes of IPMNs strongly affect their natural histories ([@B18]).

In this patient, mass forming pancreatitis in the pancreatic tail, which existed separately from the MD-IPMN in the pancreatic body, was also detected. Some reports have described the development of autoimmune pancreatitis (AIP) around IPMNs ([@B19],[@B20]), whereas a literature search revealed no cases of IPMN involving mass forming pancreatitis without AIP. Considering that some cases of IPMN develop acute pancreatitis due to obstruction of the MPD by mucin production, a mechanism like this might have brought about the change of chronic pancreatitis in the present case, followed by the development of mass-forming pancreatitis. Although the performance of EUS-FNA was considered in order to clarify the diagnosis of the mass lesion, it was ultimately not performed (with the patient\'s agreement) because we were of the opinion that the pathological diagnosis of the mass lesion would not affect the therapeutic strategy, as total pancreatectomy was required as radical surgery for malignant IPMN. In addition to pancreatic carcinoma concomitant with IPMN mass forming pancreatitis (including localized autoimmune pancreatitis) may develop during the follow-up of patients with IPMNs; thus, these diseases should be discriminated when a mass lesion is detected in patients with IPMNs.

In conclusion, we experienced a case of SRCC derived from an MD-IPMN after 9 years of follow-up. Although it is extremely rare, intestinal-type IPMN can progress to SRCC, which is considered to be a relatively aggressive invasive cancer.
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